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Abstract
From the point of view of radiation safety, interstellar space is not empty. Neutral and ionized 
interstellar gas and cosmic rays consisting of H and He-nucleons constitute radiation hazard 
aboard relativistic interstellar ships. Relativistic aberration of cosmic rays is evaluated and 
radiation doses from oncoming relativistic flow of interstellar gas and cosmic rays are estimated. 
Necessary shielding and possible protection system are discussed.
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1. Introduction
    “Interstellar travel may still be in its infancy, but adulthood is fast approaching, and our 
descendants will someday see childhood's end” (Mallowe and Matloff, 1989). The interstellar 
travel is discussed mostly from the point of view of applicability of various propulsion 
systems needed for accelerating spaceships carrying reasonable payloads to sufficient speed in 
order to reach nearby stars for reasonable period of time (Forward, 1984, 1986). If we stay on 
the ground of known physics and common sense economics, the tradeoff will be between the 
cost of mission and its practical expediency. Even flyby missions to one of the nearest stars 
with moderate speed ~ 0.3C would cost trillions or even tens trillions dollars (Mileikowsky, 
1994) and require 50 - 100 years to complete a mission. Lower cost propulsion systems like 
nuclear propulsion are not feasible to reach velocities above 0.1C; it is doubtful whether any 
commercial, national, or international entity will be happy to invest trillions in a mission 
needed thousands years to accomplish. Most likely, the starships cruising with sufficiently 
high relativistic speed and capable of reaching nearby stars within foreseeable time intervals 
could be economically attractive or, at least, negotiable. The main problem in achieving 
relativistic velocity is propulsion system; currently we are too far from suggesting something 
worthwhile for engineering design. The proposals of using antimatter for propulsion, which is 
apparently the only fruitful solution, are firstly out of possibilities of existing technology and 
secondly such thrusters will be, perhaps, even more costly (Leonard, 2003). Nevertheless, the 
number of publications devoted to interstellar travel is growing, for it is our liability to think 
ahead of time in order to be prepared for the future when it comes.
2    As a rule, it is assumed that interstellar space is empty vacuum or, at best, contains highly 
diluted and therefore absolutely harmless gas which, perhaps, can be useable for fuel replenish 
or to produce drag for braking. Actually, this view, based on our belief of emptiness of cosmic 
space or on conventional diluted gas dynamics, is totally wrong. For ship’s velocities of 
interest > 0.3 C, this diluted gas becomes a flow of relativistic nucleons bombarding starship, 
travelers, and electronic components as ionizing radiation therefore it is extremely hazardous 
both for crew and electronics if they are not properly shielded. Besides, interstellar space is 
filled with high-energy cosmic rays and dust. Thus, to consider the feasibility of manned or 
unmanned interstellar flights, we have to take into account possible radiation conditions 
aboard a ship. For comparison, estimations of radiation hazard of planned Mars mission yield 
the dose from cosmic rays ~ 80 rems a year while the safety level is 5 – 10 rems a year 
(Parker, 2005). Irrespective of type of propulsion system, the future interstellar missions will 
not, apparently, be longer then ten to thirty years by terrestrial clock, which addresses us to 




   If dimensionless velocity of a spaceship with respect to a local system of coordinates, in 
which interstellar gas can be considered at rest (thermal velocities of atoms are much less then 
starship’s ???????????????v/C, where v is the spaceship’s speed and C is the speed of light, the 
relative energy of nucleons in oncoming flow with respect to a coordinate system related to 
the ship is expressed by (Benenson, 2001, 147):
                      E = m0C
2
???– 1),
where m0? ??? ???????????? ????????????????????????????–??
2)-1. Without shielding, the radiation 
dose produced by high-??????? ????????? ??? ????? ????????????? ????? ??? ?? ????????? ??? ?? ???? ???
estimated as:
          D(rem/s) = 1.67???-8 Q×n×S×?×C×H(??×d(??? ???????????????????????????????????????????
where Q is the radiation quality factor (Q = 10 for protons, 
www.scdhec.gov/hr/docs/radhlth/A3-1.doc), n is the concentration of interstellar gas per cubic 
centimeter, S(cm2) is the cross-section of human body (S ????4 cm2 is taken for estimations), 
3H(MeV cm2/g) is the stop power of particles in human body (H ???water), d(g/cm
2) is the range 
of particles in tissue or the thickness of human body in the direction of particles’ travel when
it becomes less then the penetration depth, and M(g) is mass of an individual. The data for H 
and d as functions of energies of nucleons were taken from NIST (National Institute of 
Standards and Technology) online database. 
     Interstellar gas consists of hydrogen (89%) with admixture of helium (10%) and a trace 
amount of heavier elements (1%) like carbon, oxygen, silicon, iron, etc. accreted in dust 
particles. Concentration of interstellar gas can vary from 104 cm-3 in galactic clouds to less 
then 1 cm-3 in low dense regions between clouds. Fortunately, our Sun is located in an 
irregular cavity of low density gas consisting of cold neutral component n(H) ~ 0.2 cm-3 and 
ionized component n(H+) ~ 0.1 cm-3 with the nearest dense wall located at the distance of 170 
light years in the direction of the center of our Galaxy (Frisch, 2000). Concentration of dust 
particles with average internal density ~ 2.5 g/cm3 is ranged from 10-8 m-3 to 10-5 m-3 and their 
masses are ranged from 10-17 kg to 10-20 kg (Mann and Hiroshi, 2000).
Fig.1. a) Energies of incident hydrogen (solid curve) and helium nuclei (dashed curve) in a 
??????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????
water (upper curve); d) drag force imposed by oncoming interstellar gas.
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unshielded radiation are plotted in Fig.1a and b. The unshielded rate of radiation dose is 
extremely high: if the spaceship’s speed exceeds 0.1C, astronauts cannot be outside the hull 
??????????????????????????????????????????????????????????????????????????????????????????????
1b corresponds to the ship’s velocity at which penetration depth of unshielded nucleons 
exceeds average thickness of human body d ????????????????????????????????????????????????
is, apparently, applicable to protect crew from oncoming nucleonic radiation because of the 
presence of neutral component in interstellar gas. Possible shielding options are: a kind of 
radiation absorbing windscreen installed in front of spaceship, a ship’s bow made of radiation 
absorbing material, or combination of material and magnetic shielding (see details in Section 
3.2). The depth of penetration of nucleons of given energy, i.e. for a given cruising speed, in 
solids is quite distinct and the shield’s thickness equal to double penetration depth of 
hydrogen nuclei would be, apparently, sufficient for protection from direct radiation. Despite 
differences in energies between helium and hydrogen atoms for a particular spaceship’s speed, 
their penetration depths are comparable in water (human body) as well as in titanium and 
aluminum (the materials of choice for starships). Up to velocities ~ 0.3C, thickness of 
titanium ‘windscreen’ can be moderate ~ 1 - 2 cm, but it increases dramatically with starship’s 
speed when ???? ????? ?????? ???? ???? ???????? ??????????????? ???? ?? ?? ????? ?????????? ?????????
[Leonard, 2003 and references therein] can be another option because astronauts would need 
water anyway. The advantage of placing a water tank (or ice bulge) in front of the ship is that 
it will help to avoid damage of shield’s material due to embrittlement of metals or other solids 
under intense nucleonic radiation: for a given cruise speed, the penetration depth of  
monoenergetic nucleons is the same therefore a thin layer of material located at penetration 
depth inside a shield will be largely damaged because all nucleons deposit most of their 
kinetic energy at the end of their penetration depth dislocating atoms from lattice, weakening 
material in this layer, and causing peelin??????????????????????????????????????a water shield of 
several tens centimeters in thickness would be sufficient to reduce radiation dose down to the 
safe level however the cruising speeds closer to the speed of light would require tens meters 
of water shielding, i.e. additional hundreds to thousands tons of load. 
    The braking force F(N/m2) = d(mv)/dt = mp??
2C2?3 imposed by interstellar gas within the 
local low-density cavity looks fairy small (Fig. 1d) however it can be significant in clouds, 
where gas concentration is 104 to 105 times higher. Smaller clouds of elevated gas density 
within the local cavity (Frisch, 2000) also can cause some transient alteration of radiation dose 
and drag force.
5    As for the cosmic dust, two mechanical effects are anticipated: a) mechanical drag which is 
approximately one order of magnitude smaller then the drag imposed by gas and b) 
deterioration of frontal part of hull or radiation shield due to intense micrometeorite 
bombardment with a rate exceeding 100 dust particl???????????????????????????????????????????
(kinetic energy > 0.1 J/particle) which would produce microexplosions inside the hull/shield 
material because the dust particles deposit all their kinetic energy at the end of their 
penetration depth leaving microholes behind thus effectively increasing porosity of material. 
In principle, these relativistic dust particles could also produce radiation hazard because at 
these high energies they become bunches of relativistic high-Z nuclei in materials and in 
tissue. 
2.2. Cosmic rays
   Our Galaxy is filled with high-energy nucleons of cosmic rays originated, apparently, from 
novae and supernovae. Cosmic rays consist mostly of hydrogen and helium nuclei accelerated 
to relativistic energies and isotropically distributed over directions of movement by the 
galactic magnetic field (Simpson, 1983). Their energy distribution maximum lies between 300 
Mev and 1 GeV. The estimated dose of this primary cosmic radiation in a non-relativistic 
spaceship module moving in interstellar space is 70 rems/year (Parker, 2005). The dose, 
however, will increase when the ship accelerates to relativistic velocities.
     Consider a coordinate syst??? ??? ??-moving with a spaceship along z-axis in positive 
direction relative to a reference system S at rest. In analogy with the formula for 
transformation of angles of directions of photons observed from both frames (Møller, 1972; 
McKinley, 1980), the following transformation rule for the angles of incidence of relativistic 
????????????????????????????????????-??????????????????????????????????????????????????????????
coordinates ?p?? ??? ?? ???? ??? ?????? ?????? ???????? ???????? (Benenson, 2001, 143) for the 
nucleon velocity component collinear with the ship’s velocity ?:
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???????????????????????????
where pβ ′  and pβ ??????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????-axis, and ? is 
the cruising speed of spaceship in the restframe S. The formula describes the effect of 
relativistic aberration of cosmic rays: the solid angles behind the ship are spreading out in the 
??????????????????????the solid angles in front of the ship are squashing together as shown in 
6Fig. 2. The effect results in increase of flow of particles incident from the front and in 
diminishing of the flow incident from the rear when the starship accelerates. Cosmic rays 
irradiating an area A in the restframe S are distributed isotropically as shown in Fig. 2a by 
arrows with their length proportional to kinetic energies of corresponding particles 
(monoenergetic particles in the restframe S are taken for illustration). The same particles 
observed by travelers from a spaceship moving along z-axis in positive direction with 
???????????????????????????????????????????????????????????????????????????????????????????
 Fig. 2 Illustrative diagrams of angular distributions of originally monoenergetic and isotropic 
cosmic rays incident on an interstellar spaceship: a) at rest with respect to a local reference 
??????? ??? ???????????? ??? ??????????????? ????????????? ?????? ?? ?????? the average velocity of 
????????? ?p of cosmic rays in the reference fra???? ???? ??????????????? ????????????? ?????? ??
????????????????????????????????p.
     When spaceship is at rest in a local restframe S related to stars or gaseous objects in a 
particular part of the galaxy, both surfaces of ship’s cross-section are equally irradiated by 
?????????????????????????????????????????????????????????????of correspondingly increasing 
energy ?????????????????????????????????????????????????????????????????????????-section (to an 
















7moving car) while the flow of particles incident from the rear decreases together with kinetic 
energies of nucleons (Fig. 2b). At ?????p, the flow from the rear disappears and all cosmic rays 
become incident from the front (Fig. 2c). In the local restframe S, concentration of cosmic 
rays incident from all directions n ~ 10-3 m-3 and their distribution in energy is N(cm-2 s-1 sr-1
GeV-1) = 1.8 Ep
-2.7 for Ep > 1 GeV with a maximum between 0.3 and 1 GeV (Simpson, 1983). 
This corresponds to the flow of approximately 1.8 nucleons per square centimeter per 
steradian per second assuming their average energy equal to 1 GeV, which results in the total 
flow of N ?? ??? ????????? ???? ??????? ??????????? ???? ??????? ????????? ??? ????? ?????? ??? ???????
cross-section perpendicular to direction of cruising. Unshielded absorption dose for non-
relativistic flight is: 
                           D = 0.53×N×H(MeV/cm)×d(cm)×S(cm2)/M(g) ?????????????????
which yields the? ??????????? ????? ???? ?? ???? ????? ?? ?????? ?????? ?? ?? ?? ??????? ??? ????
stopping power of 1GeV cosmic rays in human body (water), d ?? ??? ??? ??? ???? ????????
thickness of human torso, S ??????3 cm2 is the average cross-section of human body, M = 70 
kg is the approximate mass of an adult astronaut, and Q = 10 is the quality factor for protons
(the absorption dose of 100 rads can cause acute radiation sickness and possible death of 
cancer with probability of 10%). To reduce the dose to a safety level of 5 rems a year, the 
spaceship or its living quarters must be shielded, for example, by water shell of at least 1 to 2 
meters in thickness (astronauts would need water anyway) to effectively stop cosmic rays. 
Magnetic shielding proposed in many publications for reflecting all cosmic rays back to space 
would require magnetic field H ~ 20 Teslas (Parker, 2005), which is not easy task and which 
is hazardous by itself both for crew and electronics. 






































These are the general expressions for any sort of particles; in the case of photons (?p = 1), the 
expressions are reduced to the well-known formulae of relativistic transformation of angles of 
8propagation for light rays (Møller, 1972; McKinley, 1980). The angles of apparent incidence 
????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????? (for clearness and simplicity, 
cosmic rays are approximated as isotropic and monochromatic flow of protons with energy of 
1 GeV in the restframe S).
??????????????????????????????????????????????????????????????????????????????????????????????
?????????? ??????? ?? ??? ?????????? ??? ??? ??????????? ??? ????????? ??? ????????? ????? a starship as 
?????????? ??? ??????? ??? ???? ?????????? ????????? ?????? ?? ????????? the isotropic distribution of 
?????????????? ??????? ?????????? ??? ?? ????? ??p = 1 GeV) in the ?????????? ???????? ?? ?? ?p
(upper curve in Fig. 3a and right curve in Fig. 3b), no rays are incident from the rear; even 
???????????????????????????????????????????????????????????????????????????????????????????????
now moving towards the ship with relatively low velocity????
    Following the deductions of McKinley (1980) and Weiskopf at al. (1999) for photons and
assuming equality of total counts (number of nucleons per unit of ship’s cross-section 
perpendicular to the ship’s velocity) in both coordinate systems for correlated time intervals, 
the total flow of monoenergetic (E = 1 GeV) cosmic rays incident on unit area positioned 
perpendicular to the direction of movement (z-axis) as a function of angle of incidence ????????
spaceship ?????????????????????????????




























??????????????????????????????????dilation, the ratio??????p??????p reflects change of flow in a 
given direction observed from a spaceship due to alteration of relative velocities of 
corresponding nucleons, and the term in brackets describes change of flow due to the effect of 
narrowing of solid angles in front of the ship and their spreading out behind the ship for a 





























































The total flow of cosmic rays irradiating a unit area of spaceship’s cross-section perpendicular 
to the direction of movement from both hemispheres per unit time according to spaceship’s 
clock is:









)( βθβ −Cosp d(????).
(To avoid an error arisen from oddness of cosine function on interval 0 - 180°, the integral is 
taken separately in the front and rear hemispheres of???????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????????p and 





Taking into account dramatic reduction of flow of lower-??? ?????? ??????????? ???-energy) 
nucleons incident from the rear (Fig. 4 b) with the increasing speed of starship ?? ????
approximate constancy of stopping power of protons of energies above 0.5 GeV in human 
tissue H ??????V/cm, the dose can be estimated as D = 5.3×N???????? ????????? ???????
??????????????????????????????????????a??????????????????????????????????????
Fig. 4. a) Total flow per second of monoenergetic (1 GeV) cosmic rays through one square 
centimeter of interstellar ship cross-section perpendicular to the direction of movement; b) 
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   The flow of cosmic rays incident on spaceship from the rear hemisphere drops down to zero 
when the ship’s speed? ?????????? ??? ?? ?? ?p (Fig. 4b) and, besides, their kinetic energies 
????????????????????????????p???????-???p
2)-0.5 ??????????????????????????????????????????????
from the front hemisphere increases together with kinetic energies of nucleons while 
directivity of the oncoming flow becomes increasingly narrower (relativistic beaming effect). 
From the point of view of protection from cosmic rays, higher relativistic velocities of 
starships are advantageous because only a windward shield would be sufficient for protection 
against cosmic rays and such the shield is needed anyway to protect crew against hard 
radiation of relativistic flow of interstellar gas.  Obviously, cosmic rays of lower energies are 
subjected to stronger relativistic beaming and higher attenuation by the frontal shield; to 
calculate the precise equivalent dose aboard a spaceship, integration over energy and angular 
distributions of cosmic rays has to be performed subject to attenuation in the shield. 
3. Discussion
3.1 Material shielding. Three nucleonic components in interstellar space are hazardous for 
starships cruising with relativistic velocity: neutral component of interstellar gas, ionized 
component of interstellar gas, and cosmic rays; in addition, interstellar dust could also 
produce radiation hazard and mechanical damage. Interstellar gas which can be considered 
virtually at rest in a local restframe related to stars is not hazardous for spaceships moving at
non-relativistic speed; however, it is the major concern when spaceship accelerates to 
relativistic speed because it becomes a flow of high-energy nucleons resulting in extremely 
high level of hard radiation. These high-energy nucleons are capable of piercing the hull and 
penetrating the crew’s quarters. Due to relatively high density of interstellar gas in 
comparison with cosmic rays, the dose of unshielded radiation is extremely high (thousands to 
hundreds thousands rems per second which is equivalent to doses in the core of atomic 
reactors); an astronaut would be virtually instantly killed by radiation, if exposed without 
proper windward shielding. For velocities below 0.3C, shielding seems to be easy; titanium or 
aluminum hull ~ 1 - 2 cm in thickness can provide sufficient protection against direct 
nucleonic radiation. However, when speed becomes closer to the relativistic barrier C, say 0.8 
– 0.9 C, the windward shield of meters of titanium or, which is more practical from the point 
of view of crew needs, water or ice is required. It should be noted that showers of secondary 
radiation (muon and gamma) produced by high-energy particles in windscreen material must 
also be taken into calculations when ship’s velocity exceeds 0.3C therefore some additional 
layer of heavy material is needed to absorb it. In should be emphasized that a kind of material 
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shielding is needed anyway, because interstellar gas consists, at least partly, from neutral 
atoms unaffected by magnetic or electrostatic fields.
    Unlike interstellar gas, cosmic rays consist of high-energy protons and alpha-particles 
therefore radiation hazard is tangible both for non-relativistic and relativistic space flights. 
Strictly speaking, complete shielding from cosmic rays would require an analog of Earth’s 
atmosphere which can be implemented by, for example, a round shell of water of 5 meters in 
thickness (Parker, 2005), which is hardly acceptable solution both for interplanetary and 
interstellar flights; if thickness of water shell of 1 m is tolerable to satisfy the radiation safety 
standard, it will be, nevertheless, too heavy even for advanced propulsion thrusters. Besides, 
an additional layer of heavy material is also needed to absorb highly penetrating secondary 
gamma and muonic radiation, which inevitably enlarges the total mass of load. Accepting the 
NASA’s limit of 400 rads, which means doubled probability to develop cancer, the thickness 
of material shield and, therefore, its mass could be significantly reduced for the short-term 
missions (1 to 5 years); notwithstanding, the long-term interstellar missions would require 
more effective shielding. A robust frontal shield is needed anyway to protect crew from high 
radiation dose of relativistic nucleonic ‘wind’ of interstellar gas. Advantageously, cosmic rays 
become increasingly beamed for higher relativistic velocities of spaceships therefore the 
frontal shield would also absorb a lion share of cosmic rays providing the shield is designed to 
effectively attenuate the flow of cosmic rays in the direction of ship’s sensitive areas despite 
its grow with the ship’s velocity (Fig. 4a) and increased energies of nucleons (penetration 
depth).
?????????? ??????????? ????????? ????????????? ??????????? ?? ?? ???? ??????????? ????? ??????? ?????
higher requirements on material shielding of interstellar ships in comparison with 
interplanetary modules, but technically the problem is solvable putting aside the inevitable 
additional load. The situation changes dramatically for ultra-relativistic velocities. For 
example for?????????????????????????????????????????????????????????????????????????????????????
GeV; penetration depth is ~ 40 m in water and ~ 10 m in titanium therefore thickness of 
frontal shield becomes out of reasonable scale.
    3.2 Combination of material and magnetic shielding. As it has been mentioned, magnetic 
shielding alone is not sufficient for protection against relativistic flow of interstellar gas 
because of the presence of neutral component. Besides, the strength of magnetic field needed 
for complete reflection of charged high-energy particles of several hundreds MeV to several 
GeV  is ~ 20 Teslas (Parker, 2005), which is also hazardous both for people and electronics 
and requires quite massive magnetic system. In principal, protection from such strong 
magnetic field can be rendered by ferromagnetic shell around the crew’s quarters or by 
12
placing the crew’s quarters in a region of zero magnetic field. In the last case, a ship could be 
constructed as hollow torus with superconducting current-carrying coils mounted along its 
external wall. More effective solution, resulting in dramatic decrease of thickness and mass of 
frontal shielding both for moderate and ultra-relativistic velocities and in elimination of 
harmful influence of magnetic field, can be found in combination of material and magnetic 
shielding. In particular, it could consist of two parts: a relatively thin solid disk (umbrella) 
mounted at some distance in front of starship and superconductive magnetic coils located 
behind the disk and generating transverse magnetic field. The disk (foil) is virtually 
transparent for ongoing atoms and ions; its task is to strip the bombarding neutral atoms from 
their electrons and to produce a flux consisting of totally charged particles behind it. Electron 
stripping of high-energy relativistic atoms by means of metallic foils or gas/plasma sheets is 
well-known and commonly used technique in ion accelerators (Alton et al., 1992). After the 
stripper, all charged particles of oncoming flow would be deflected away from starship by the 
transverse magnetic field of proper strength and geometry generated by the superconductive 
coils. This combined shielding seems to be more attractive because mass of electron stripper 
can be quite small and mass of magnetic system could also be significantly reduced taking 
into account relatively low magnetic field (0.1 – 1 T on axial intervals of 1 to 10 m) needed 
for deflection. However, such the system would have one drawback: accumulation of negative 
charge in the stripper and, because of that, on the starship because electron stripping and 
following deflection of stripped positive ions to surrounding space mean accumulation of 
stripped electrons in material. More viable solution is to render the shield as a tank of 
lightweight liquid dielectric, say, cryogenic hydrogen or helium (needed for the 
superconductive magnets anyway) with transverse magnetic field of sufficient strength inside 
the tank to make all charged particles gyrating within the tank. The shield’s thickness d and its 
mass can be significantly smaller in comparison with penetration depth of nucleons in such 
materials:














where R is the initial radius of gyration of charged particles of given velocity pβ ′ , q is the 
particle’s charge, and B is the strength of magnetic field. For example, thickness of tank 
needed for protection from high energy H and He-atoms of oncoming interstellar gas flow d ??
1 m for B = 10 T and pβ ′  = 0.8 (starship’s speed v = 0.8C ); such the system would also be 
able to effectively attenuate the beamed cosmic rays of moderate energy and to deflect the 
higher energy cosmic rays away from the ship. For this combined shielding, the problem of 
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charge accumulation is significantly simplified because virtually all particles of incoming gas 
would be absorbed in the shield. Besides, lightweight materials (e.g., liquid helium or 
hydrogen) could be used for absorption of particles irrespective of their penetration depth. In 
addition, the secondary (muon and gamma) radiation would be ???????????? ????? ??? ???????
reducing its portion directed to the ship. Moreover, it could be virtually eliminated, if 
container with absorbing liquid were made thinner then radius of gyration of particles and 
located closer to the ship in the rear part of magnetic field area where trajectories of gyrating 
particles are directed away from the ship together with the produced showers of secondary 
radiation. The shielding system of toroidal configuration and corresponding construction of 
spaceship in the form of hollow cylinder seem to be advantageous because all magnetic field 
could be totally enclosed inside the shield and, besides, the spaceship’s azimuthal rotation can 
be implemented to increase ship’s spatial stability and to create artificial gravitation.  
However, the problems of embrittlement of tank’s frontal wall (stripper) by the oncoming 
nucleons of interstellar gas and damaging bombardment by dust must be solved. Obviously, 
the shielding systems designed for protection within the local low-density cavity of our 
Galaxy would be insufficient in higher density clouds. Fortunately, our Sun is located in a low 
density cavity of several hundred light years in size, so several thousand neighboring stars 
within the cavity are not blocked by dense clouds. Nonetheless, interstellar navigation charts 
with mapped interstellar clouds will be needed for laying out safety courses both in the cavity 
and in the low-density tunnels beyond it [Frisch, 2000].
3.3 Radiation hazard for electronic components. Every high-energy nucleon passing 
through electronic components inevitably produces free electrons, i.e. deposits some electric 
charge in them resulting often in parasitic signals and causing bits to flip, latch up, or burn out 
in computer memory. The deposition of charge can "upset" the memory circuits. The so-called 
Single Event Effects (SEEs) and Single Event Upsets (SEU) in computer memory are being 
intensively studied in high-altitude avionics (Normand, 1996), on satellites, and in multiple 
laboratory tests (Faccio, 1999; LaBel, 1998 and 1997). Upset rate of a particular part of 
electronic equipment from cosmic radiation in the vicinity of Earth can vary from ten per day 
for commercial one-megabit RAMs, to 1 every 2800 years for radiation-hardened one-
megabit RAMs (radiation-hardened component is a device that has been specially designed 
and built to resist ionizing radiation). Current estimates of SEEs in aviation at 30-50,000 ft
altitude are around 10-9 to 10-8 per bit per hour. Other effects include Total Dose Effect, which 
is change of electrical properties of components upon their expose to radiation, and 
Displacement Damage, which is another cumulative effect caused by nucleons at the end of 
their penetration depth in materials as they slow down and nearly come to rest knocking 
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silicon atoms out of their proper locations in crystal lattice thus creating defects in crystal 
structure capable of trapping the conduction electrons.
    The measured SEE in CMOS (Faccio, 1999) is approximately 2.6 10-7 cm2/bit for particles’ 
LETs (Linear Energy Transfer) above 20 MeV cm2/mg with dramatic decrease below 14 MeV 
cm2/mg. The laboratory tests of irradiation of various electronic components by protons and 
heavy ions are described by LaBel at al. (1998, 1997). SEEs, SEUs, and SELs were detected 
virtually in all devices bombarded by heavy ions. Some showed SEEs and SEUs under proton 
irradiation with characteristic cross-section of 10-13 cm2/bit or lower, while cumulative effects 
such as CTR (current transfer ratio) degradation, reference voltage degradation, functional 
failure, and displacement damage were commonly observed under protonic fluences above 
1011 cm-2. Thus, all electronic devices aboard relativistic interstellar ships must be properly 
shielded from the oncoming ‘wind’ of high-energy atoms; the flow of hydrogen atoms in the 
local cavity will exceed 3×109 cm-2 s-1 for ship’s velocities above 0.3C which means that the 
unshielded electronic components would degrade in minutes. Cosmic rays seem to be not of 
great concern especially for radiation-hardened devices with ~ 10-9 – 10-10 errors/bit-day, 
taking into account the effect of beaming of cosmic rays at relativistic velocities and, despite 
the mentioned increase of flow rate and energy of particles, their absorption or deflection by 
the windward shielding system which must be mounted anyway.
4. Conclusion
    From the point of view of radiation safety, interstellar space is not empty. Two nucleonic 
components in space are hazardous for spaceships moving with relativistic speed: neutral and 
ionized atoms of diluted gas and cosmic rays. The most dangerous is interstellar gas which 
becomes a flow of high-energy particles bombarding the bow of relativistic starships. The 
radiation flux is extremely high even for moderate relativistic velocities and, therefore, 
sufficiently strong windward shielding is required. The presence of neutral component in 
interstellar gas excludes implementation of magnetic shielding alone; either a sufficiently 
thick material shield or a significantly less massive combination of material electron stripper 
and magnetic system generating magnetic field in lightweight dielectric absorbing material are 
among the possible options.
Originally isotropic cosmic rays are subjected to relativistic beaming when they bombard 
starships moving with relativistic speed. For ship’s velocities closer to the speed of light, all 
cosmic rays are incident from the front and despite the increase of flow with respect to a 
restframe they will be absorbed or deflected by a frontal shielding system needed anyway for 
protection of crew and/or electronics against hard radiation of oncoming relativistic gas.  
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Cosmic dust also contributes both to radiation hazard as bunches of ongoing relativistic nuclei 
and to material damage through sputtering and weakening the frontal layers of ship’s hull or 
radiation shield. Nevertheless, shielding of relativistic starships from hard ionizing radiation 
produced by interstellar gas and cosmic rays does not seem to be beyond already existing 
technology.
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